The topology of telephone cord buckles that form beneath compressed diamond-like carbon films (DLC) on glass substrates has been characterized with Atomic Force Microscopy (AFM) and with the Focused Ion Beam (FIB). Using AFM with 2nm resolution, the wavelength and amplitude of the buckles and their profiles have been measured. It has been found that, within each wavelength, the profile has symmetric and asymmetric segments. These changes have been related to differences in local mode mixity around the periphery of each repeat unit along the buckle, resulting in a fundamental rationale for the factors governing the wavelength. Sections made through various segments of the buckle by using the FIB imaging system result in local changes in the shape and size of the buckles that provide further insight into the buckle propagation criterion.
INTRODUCTION
Residually compressed thin films on thick substrates may buckle. The buckles propagate beneath the film if the induced energy release rate exceeds the interface fracture toughness. The associated mechanics has been documented [1] [2] [3] [4] [5] [6] [7] [8] . The buckles exhibit several configurations: ranging from circular, to linear to telephone cord. Straight buckles propagate with curved front. The conditions at the stationary side and the circular front have been modeled and rationalized in terms of mode mixity and energy release rate [5, 6] . The corresponding mechanics for telephone cord buckles (figure 1a) are less well developed.
The purpose of this study is to provide some insight into the buckle propagation criterion by performing experimental measurements on thin films of diamond-like carbon (DLC) deposited onto nominally flat slide glass substrates. The profiles of telephone cord buckles are characterized along different chords, by using the atomic force microscope (AFM). To make a direct comparison between telephone cord and straight-sided buckles, the focused ion beam (FIB) imaging system has been used to create two parallel (damage free) cuts, converting a section of the telephone cord buckle into the straight-sided buckle. Changes in the profile before and after cutting can be used to correlate the two configurations, with all other variables fixed.
EXPERIMENTS
Diamond-like carbon films were deposited on glass microscope slides by using a capacitively-coupled glow discharge of CH 4 and C 6 H 6 plus N 2 , at a deposition pressure of 1.33Pa, with negative self bias voltage controlled in the range from -100 to -700V by adjusting the r. f. power [9] . For these conditions, the film thickness is in the range, 0.13 to 0.46µ m, and the residual compression between 1 and 3GPa, resulting in telephone cord buckles.
Images of representative buckles have been obtained by using the AFM in tapping mode (Digital Instrument company), while also obtaining information about their profiles. Sections through the buckle were made by using the Dual-Beam FIB (FEI Company, DB235). The change in profile caused by cutting was determined with the AFM. Multiple sections were cut and analyzed in the same manner. and F 2 ) on figure 2a, are compared with those along the center of the unit segment, C , on figure 2d. It is easily seen that the peak amplitude diminishes as the tip is approached and that the profile becomes more symmetric.
SECTIONAL PROFILES
The effects of FIB cutting straight-sided sections from the telephone cord are shown on figure 4 with AFM and FIB images. Measurements of profiles before and after cutting (thickness, h=0.47 µm) are presented on figure 5 which was combined of 2 images taken using AFM between the before and after cutting by FIB. 4 different lines were sectioned and compared. In figure 5b , the sections at the sides become more symmetric from initially quite asymmetric, while there are "tails" (arrowed) at one side, indicative of contact between the film and substrate within the buckle. The two sections closest to the center (B and C in figure  5c ) reveal that the initial asymmetric profiles become symmetric with essentially the same overall wavelength of 57.7µ m and 58µ m before and after cutting on the profile of line C, respectively tabulated in table I. That is, the buckles do not extend laterally when sectioned. But the maximum amplitudes between before and cutting are slightly changed higher from 3.7 to 4.1 µ m. These experimental findings using AFM and FIB could suggest that each unit segment could be modeled as a circular buckle pinned at its center in further work [8] , where the mechanics for this model would be presented with the energy release rate and the mode mixity.
SUMMARY.
Detailed experimental analysis has been performed for the characteristic propagation behavior of telephone cord buckle on high compressive diamond-like carbon film. Profiles for symmetry unit of buckle have been measured by AFM along radial and median trajectories in detail. To calibrate the system, the FIB has been used to create short, straightsided buckles from unit segments of the telephone cord and the new profiles (straight-sided buckle) measured by AFM. The changed configurations before and after cutting enable to make a direct comparison between telephone cord and straight-sided buckles. 
